Carbamazepine (CBZ) is well known as a model active pharmaceutical ingredient used in the study of polymorphism and the generation and comparison of cocrystal forms. The pharmaceutical amide dihydrocarbamazepine (DCBZ) is a less well known material and is largely of interest here as a structural congener of CBZ. Reaction of DCBZ with strong acids results in protonation of the amide functionality at the O atom and gives the salt forms dihydrocarbamazepine hydrochloride {systematic name: [(10,11-
Introduction
Carbamazepine (CBZ) is an anti-epilectic drug that is well known to the crystallographic community as a model active pharmaceutical ingredient (API) that has been widely used in the study of polymorphism and the generation and comparison of cocrystal forms (e.g. Gelbrich & Hursthouse, 2006; Fleischman et al., 2003) . Recently, it has been shown that despite the relatively nonbasic nature of amides, it is possible to protonate the O atom of the amide group of CBZ using strong acids, thus generating salt forms (Perumalla & Sun, 2012; Eberlin et al., 2013; Buist et al., 2013 Buist et al., , 2015 . Comparison of the structures of neutral CBZ species with those of cationic CBZ(H) species shows that protonation is accompanied both by changes to the molecular structure (lengthening of the C O bond and shortening of the C-N bonds) and by changes to the packing structure [e.g. the typical R 2 2 (8) homodimer found in CBZ structures does not occur in the salt forms]. Low pH conditions have also been shown to allow easy access to ionic cocrystalline (ICC) forms of CBZ, including hydronium, ammonium and Na I species (Buist et al., 2013, H atoms treated by a mixture of independent and constrained refinement H atoms treated by a mixture of independent and constrained refinement Á max , Á min (e Å À3 ) 0.29, À0.24 0.27, À0.27 0.67, À0.39 Absolute structure Flack (1983) , 2519 Friedel pairs --Absolute structure parameter 0.00 (5) --48 h. Some of the crystals with their mother liquor were then left in the unsealed vial. After 5 d, the solid which was present was found to be [DCBZ(H)]ClÁH 2 O. 2.1.2. Synthesis of [DCBZ(H)]BrÁH 2 O. DCBZ (0.198 g, 0.83 mmol) was dissolved in methanol (4 ml). The solution was heated in a water bath until the DCBZ had dissolved. Once the solution had cooled to room temperature, concentrated hydrobromic acid (1 ml) was added slowly. The reaction test tube was sealed with parafilm. Small holes were made in the parafilm to aid evaporation. Crystals formed over a period of 10 d. The same product was also isolated on reacting a methanol solution of DCBZ with acetyl bromide in the presence of ammonium bromide. Ammonium bromide (here) and NaI (above) were included in attempts to form ionic cocrystalline forms of DCBZ as described for CBZ by Buist & Kennedy (2014) .
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . For both structures, H atoms bound to C atoms were placed in the expected geometric positions and treated in riding modes, with C-H = 0.95 and 0.99 Å for sp 2 CH and CH 2 groups, respectively, and with U iso (H) = 1.2U eq (C). In (I) and (II), all H atoms bound to N or O atoms were located by difference synthesis and refined isotropically. H atoms bound to N or O atoms in (III) were located and treated similarly, with the exception that it was necessary to restrain the N-H and O-H bond lengths of the NH 2 and OH 2 groups to 0.88 (2) Å .
Results and discussion
HCl was generated in situ by adding acetyl chloride to a methanol solution of DCBZ. The initial product was anhydrous [DCBZ(H)]Cl, (I) ( Fig. 1 ). Leaving crystalline (I) in the mother liquor allowed a transformation to occur and after 5 d, crystals of hydrated form [DCBZ(H)]ClÁH 2 O, (II), were recovered ( Fig. 2) . A similar hydration on exposure to atmospheric moisture is known to cause the transformation of [CBZ(H)]Br to [CBZ(H)]BrÁH 2 O (Buist et al., 2013) . In contrast [CBZ(H)]Cl interacts in a more complex fashion with atmospheric moisture, simultaneously losing HCl and absorbing water to give the ICC hydronium compound CBZ 2 [H 3 O]Cl (Buist et al., 2013) . Reactions of DCBZ with HBr, whether through a similar in situ generation of acid as described above or simply through use of aqueous HBr, gave only the hydrate [DCBZ(H)]BrÁH 2 O, (III) ( Fig. 3 ). Examination of the unit-cell dimensions and the structures of (II) and (III) show that they are isostructural. Isostructurality is relatively common for Cl and Br salts of API materials and other examples of isostructurality are found amongst the multiple known phases of Cl and Br salt forms of CBZ (Buist et al., 2013 (Buist et al., , 2015 . Interestingly, [DCBZ(H)]Cl, (I), is isostructural with one of the known forms of [CBZ(H)]Br but not with any hydrochloride phase of CBZ (Buist et al., 2013) . The molecular structure of salt (I), with non-H atoms shown as 50% probability displacement ellipsoids.
Figure 2
The molecular structure of hydrated chloride salt (II), with non-H atoms shown as 50% probability displacement ellipsoids. There are two crystallographically independent ion pairs in (I) (Z 0 = 2), and the acidic H atom of each cation was clearly located and refined as being bonded to the amide O atom. The molecular geometries of the two cations are essentially similar, with the largest differences involving the position of the C O group of the amide [cf. 5.9 (3) and 4.3 (3) for C1-N1-C15-O1 and C20-N3-C30-O2]. Both DCBZ(H) cations in (I) adopt the syn conformation where the C O vector is parallel to the CH 2 -CH 2 vector. For neutral DCBZ, this syn conformation has been shown to be slightly energetically disfavoured (by < 2 kJ mol À1 ) when compared to the alternative anti conformation, where the C-NH 2 vector is parallel to the CH 2 -CH 2 vector (Arlin et al., 2010) . The higher energy syn conformation is also less commonly seen in the crystalline state ( Table 2 ). The DCBZ(H) cations of hydrated structures (II) and (III) both have anti conformations and their acidic protons were again refined freely and located as being bonded to the amide O atoms. As shown in Table 2 , protonation of the amide has a significant effect on the C O and C-N bond lengths, with the former lengthening and the latter shortening. Comparing all four known DCBZ(H) structures with the known neutral DCBZ structures it can be seen that the C O bonds are 0.05 to 0.09 Å longer for the protonated DCBZ ions, whereas the C-NH 2 and C-N ring bonds shorten by 0.01-0.04 and 0.03-0.06 Å , respectively. The larger change for the C-N ring bond as compared to the C-NH 2 bond suggests a significant role for resonance form C (see Scheme 2). Similar bond-length changes are seen on comparing CBZ with CBZ(H). Averaging 47 well-modelled CBZ structures from the Cambridge Structural Database (CSD, Version 5.35; Groom & Allen, 2014) gives values of 1.242, 1.342 and 1.373 Å for the C O, C-NH 2 and C-N ring bond lengths in neutral CBZ species, whereas the equivalent ranges for the known fully protonated CBZ(H) structures are 1.285-1.312, 1.304-1.326 and 1.323-1.348 Å (Eberlin et al., 2013; Hydrogen bonding resulting in dimers of cation-anion pairs in the structure of hydrated chloride salt (II). Hydrated bromide salt (III) is isostructural.
Figure 3
The molecular structure of hydrated bromide salt (III), with non-H atoms shown as 50% probability displacement ellipsoids.
Figure 5
The one-dimensional hydrogen-bonded polymer extending parallel to a in the structure of hydrated chloride salt (II). 2015). For CBZ, these bond-length differences are so well established that species with C O and C-N bond lengths intermediate to the two groups given have convincingly been shown to have structures intermediate between salt and cocrystalline forms (Eberlin et al., 2013) . Such dynamic equilibria where protons move between two sites are well known (e.g. Cruickshank et al., 2013; Wilson et al., 2006) , but have extra significance for ionizable APIs due to the potential for classification/regulation issues. For instance, the FDA Guidance for Industry on the Regulatory Classification of Pharmaceutical Co-Crystals does not consider materials that are in such intermediate states between salt and cocrystalline forms (Eberlin et al., 2013) . One such intermediate species is [CBZ(H)]BrÁH 2 O, where the acidic H atom is shared by the CBZ and water molecules (Buist et al., 2013) . Despite being directly analogous in composition to this hydrated species, neither (II) nor (III) shows any sign of having bond lengths that indicate intermediate salt-cocrystal character. Note that the two forms of cocrystalline DCBZ in Table 2 that have acid coformers do have the longest C O bonds and shortest N-C bonds of any of the given neutral species, but these differences are very small compared to those found for the CBZ(H) cations. Arlin et al. (2010) compare and contrast the hydrogenbonding motifs found in the polymorphic forms of CBZ and DCBZ. The CBZ structures are dominated by an R 2 2 (8) homodimer formed by bonding between two amide units. This motif is only seen for one of the four known phases of DCBZ, with the others instead having catenated chain amide-toamide structures. This structural difference is not repeated for cocrystal and solvate forms of CBZ and DCBZ. CBZ is well studied and two hydrogen-bonded motifs are known to be common. The first is an extension of the R 2 2 (8) homodimer where the coformer molecules hydrogen bond to the edges of the core CBZ dimeric group. The second is a heterodimer, again with the R 2 2 (8) motif, where a COOH-bearing coformer replaces one of the amide units (Gelbrich & Hursthouse, 2006; Fleischman et al., 2003) . The known DCBZ cocrystals also display these two motifs with solvated homodimers present in the dimethyl sulfoxide (DMSO) and saccharine species (Johnston et al., 2007b; Oliveira et al., 2011) and the heterodimer present in the acetic acid, formic acid and foramide structures (Cruz Cabeza et al., 2006; Johnston et al., 2007 Johnston et al., , 2007a . The homodimer motif is not, however, seen in protonated CBZ(H) species as the new OH group makes this unfavourable (Buist et al., 2013 (Buist et al., , 2015 . Equivalents of the heterodimer motif are seen for CBZ(H) with some sulfonate counter-ions, albeit with the proton bound to the O atom of the amide group rather than remaining on an acidic coformer (Buist et al., 2015; Eberlin et al., 2013) . None of the new DCBZ(H) species structures described herein adopt any of these well-known R 2 2 (8) hydrogen-bonding motifs and so structures of DCBZ(H) can be differentiated from those of DCBZ both by differences in molecular structure (above) and by differences in packing structure. Both (II) and (III) are found to have structures based about cation/anion [DCBZ(H)] 2 X 2 dimers that have the R 2 4 (8) graph set. The research papers Acta Cryst. (2016). C72, 155-160
Buist and Kennedy C 15 H 15 N 2 O + ÁCl À and two analogues 159 Table 3 Hydrogen-bond geometry (Å , ) for (I).
Figure 6
The one-dimensional hydrogen-bonded polymer extending parallel to a in the structure of chloride salt (I).
Table 4
Hydrogen-bond geometry (Å , ) for (II). (3) 3.1084 (16) 159 (2) Symmetry codes: (i) Àx; Ày þ 1; Àz þ 1; (ii) Àx þ 1; Ày þ 1; Àz þ 1.
Table 5
Hydrogen-bond geometry (Å , ) for (III).
Symmetry codes: (i) x þ 1; y; z; (ii) Àx þ 1; Ày þ 1; Àz þ 1.
water molecules interact with both cation and anion to give a further ring motif, i.e. R 2 3 (8) (Fig. 4 ). The [DCBZ(H)] 2 X 2 dimers are connected through hydrogen bonds between halide ions and water molecules to give one-dimensional constructs parallel to the crystallographic a direction (Fig. 5 ). The largest difference in unit-cell length between (II) and (III) is for the a axis and is thus associated with small differences in spacing for this hydrogen-bonded motif. In contrast, the only strong hydrogen-bond acceptors in the structure of (I) are the chloride anions. These each accept hydrogen bonds from an O-H group and from two N-H groups (Table 3) . One O-H and one N-H donor per chloride ion are from a single DCBZ(H) cation [giving an R 1 2 (6) motif], but the second N-H donor is from an independent cation and thus the hydrogen bonding propagates to give one-dimensional motifs parallel to the crystallographic a axis (Fig. 6 ). As (I) is isostructural with Form 1 of [CBZ(H)]Br, this is obviously a hydrogen-bonding system that is common to both the DCBZ(H) and CBZ(H) species. The hydrogen-bonding structures in (II) (Buist et al., 2013 (Buist et al., , 2015 . Thus, although the polymorphic forms of CBZ display different supramolecular chemistry from the polymorphic forms of DCBZ, the salt forms (as with the cocrystalline forms) of the two APIs have stuctures based around the same intermolecular hydrogen bonding.
supporting information sup-1 Acta Cryst. (2016) . C72, 155-160 supporting information Acta Cryst. (2016) . C72, 155-160 [doi:10.1107/S2053229616001133] Salt forms of the pharmaceutical amide dihydrocarbamazepine Amanda R. Buist and Alan R. Kennedy
Computing details
For all compounds, data collection: CrysAlis PRO (Agilent, 2014) ; cell refinement: CrysAlis PRO (Agilent, 2014) ; data reduction: CrysAlis PRO (Agilent, 2014) . Program(s) used to solve structure: SIR92 (Altomare et al., 1994) for (I), (III); SHELXT (Sheldrick, 2015a) for (II). Program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) for (I), (III); SHELXL2014 (Sheldrick, 2015b) for (II). For all compounds, molecular graphics: Mercury (Macrae et al., 2008) and ORTEP-3 for Windows (Farrugia, 2012) . Software used to prepare material for publication: SHELXL97 (Sheldrick, 2008) for (I), (III); SHELXL2014 (Sheldrick, 2015b) for (II). 
(I) (10,11-Dihydro-5H-dibenzo[b,f]azepin-5-yl)(hydroxy)methylidene]azanium chloride
Δρ min = −0.24 e Å −3 Absolute structure: Flack (1983) Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 118.8 (2) C20-C25-H25 120.7 C9-C8-H8 120.6 C24-C25-H25 120.7 C7-C8-H8 120.6 C27-C26-C17 122.1 (2) C8-C9-C10 120.5 (2) C27-C26-H26 118.9 C8-C9-H9 119.7 C17-C26-H26 118.9 C10-C9-H9 119.7 C26-C27-C28 120.4 (2) C9-C10-C5 122.3 (2) C26-C27-H27 119.8 C9-C10-H10
118.8 C28-C27-H27 119.8 C5-C10-H10
118.8 C29-C28-C27 118.7 (2) C12-C11-C2 120.3 (2) C29-C28-H28 120.6 C12-C11-H11 119.9 C27-C28-H28 120.6 C2-C11-H11 119.9 C28-C29-C16 120.3 (2) C13-C12-C11 120.9 (2) C28-C29-H29 119.9 C13-C12-H12 119.6 C16-C29-H29 119.9 C11-C12-H12 119.6 O2-C30-N4 120.8 (2) C12-C13-C14 119.7 (3) O2-C30-N3 116.7 (2) C12-C13-H13 120.1 N4-C30-N3 122.5 (2)
176.0 (2) C16-N3-C30-O2 176.4 (2) C1-N1-C15-N2 −173.7 (2) C20-N3-C30-N4 −175.2 (2) C6-N1-C15-N2 −3.6 (4) C16-N3-C30-N4 −3.1 (4) Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 0.0249 (7) 0.0190 (7) 0.0142 (7) −0.0008 (6) 0.0009 (6) −0.0010 (5) O1W 0.0223 (7) 0.0255 (8) 0.0185 (7) 0.0008 (7) 0.0023 (6) 0.0008 (6) N1 0.0181 (7) 0.0154 (8) 0.0128 (7) 0.0002 (6) 0.0031 (6) −0.0004 (6) N2 0.0251 (9) 0.0214 (9) 0.0147 (8) 0.0042 (7) 0.0001 (7) −0.0008 (7) C1 0.0168 (8) 0.0157 (9) 0.0130 (9) 0.0032 (7) 0.0003 (7) −0.0015 (7) C2 0.0169 (9) 0.0181 (10) 0.0168 (9) 0.0019 (8) 0.0005 (7) 0.0008 (7) 0.0193 (9) 0.0177 (10) 0.0197 (10) 0.0013 (8) 0.0033 (7) 0.0025 (8) C15 0.0157 (8) 0.0165 (9) 0.0153 (9) −0.0024 (7) 0.0051 (7) 0.0006 (7) Geometric parameters (Å, º) Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
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